. AFM image of a DOPC/DOPG/DPPC/DPPG/Chol 20:5:45:5:25 lipid membrane on mica. In the upper part, the whole scan area is shown with a vertical color scale from dark brown to white corresponding to an overall height of 10 nm, indicating a homogeneous lipid bilayer with coexisting domains in l o and l d phase. The concomitant section profile of the AFM image is given at the bottom. The horizontal black line in the figure on the right hand side is the localization of the section analysis shown at the bottom, indicating the vertical distances between pairs of arrows (black and green: height difference of the l o /l d phases and red: thickness of the l o domains). The thickness of the lipid bilayer is ~5.2 nm for the l o phase and ~4.0 nm for the l d phase, i.e., the coexisting phases can be distinguished by a height difference of ∼1.0 nm, in agreement with previous and literature data on other zwitterionic model raft mixtures. S1,S2 The scale bar corresponds to 2 µm. loops, • 1661/1654 cm -1 α-helix, ▲ 1647 cm -1 unordered structures, and ▼ 1637/1626 cm -1 β-sheets (intramolecular). Within the experimental error of a few %, no marked changes in secondary structure occur with time. Figure S3 . Structural analysis of the GDP-loaded K-Ras4B in bulk solution. The local minima and maxima from the second derivative and FSD, respectively, were used to identify the amide-I′ components at 1672, 1658, 1647, 1637, and 1626 cm -1 . While assigning the peaks, ambiguities such as overlap of the unordered and α-helical regions were also considered, taking also the X-ray and NMR data into account. The area under each peak represents the fraction of each component and was finally used to determine the percentages of the secondary structure components. Figure S4 . IRRA spectra of the amide-I′ region of K-Ras4B (a, c) at the respective positions of the surface pressure versus time curve (b, d). All spectra were recorded at an angle of incidence of 35° with p-polarized light. The initial surface pressure of the lipid monolayer consisting of DOPC/DOPG/DPPC/ DPPG/Chol 20:5:45:5:25 was set to 30 mN m −1 before injection of the protein solution, since this surface pressure reflects the lipid density generally found in physiological lipid bilayers. After protein injection underneath the lipid monolayer into the subphase of the Langmuir through (protein concentration: 200 nM), the surface pressure increased immediately, indicating the protein′s surface activity. The time evolution of the surface pressure shows that the adsorption of K-Ras4B GTP is much faster compared to K-Ras4B GDP, suggesting a higher membrane affinity of K-Ras4B GTP. The amide-I′ band maximum around 1647 cm −1 points towards a more random orientation of the GTPloaded protein inserted into the lipid monolayer. Figure S5 . AFM images of the time-dependent partitioning of GDP-and GTP-loaded K-Ras4B into zwitterionic lipid bilayers consisting of DOPC/DPPC/Chol 25:50:25. The AFM images are shown before (a and d) and at particular time points (t ≈ 2 and 3 h, b and e, respectively; t ≈ 23 and 24 h, c and f, respectively) after injection of 200 µL of K-Ras4B in 20 mM Tris, 7 mM MgCl 2 , pH 7.4 (c K-Ras4B = 2 µM) into the AFM fluid cell. The overall height of the vertical color scale from dark brown to white corresponds to 6 nm for all images. The scale bar represents 2 µm. Figure S6 . Analysis of the AFM images of GDP-and GTP-loaded K-Ras4B in zwitterionic heterogeneous membranes. Zoom of the upper and middle right area of the AFM images at t ≈ 23 and 24 h (c and f, respectively) in Fig. S2 and analysis of the corresponding AFM images for K-Ras4B GDP (left) and K-Ras4B GTP (right) (c K-Ras4B = 2 µM). In the upper part, the section profiles of the AFM images are shown with a vertical color scale from dark brown to white corresponding to an overall height of 6 nm. The horizontal black line is the localization of the section analysis given at the bottom, indicating the vertical distances between pairs of arrows (black: l o /l d phase difference, green: thickness difference of the new domains enriched in K-Ras4B compared to l d domains, and red: size of the K-Ras4B proteins). The AFM analysis revealed a mean height of 2.3 ± 0.4 nm (n = 225) for the inactive K-Ras4B proteins and a value of 2.8 ± 0.4 nm (n = 217) for the GTP-loaded K-Ras4B proteins. The new domains enriched in GDP-and GTP-loaded K-Ras4B exhibit a thickness that is 0.7 ± 0.1 nm (n = 54) and 1.8 ± 0.2 nm (n = 43) larger than that of the purely fluid lipid phase for the GDP and GTP bound state, respectively.
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Materials and Methods
Materials and sample preparation. The phospholipids 1,2-dioleoyl-sn-glycero-3-phosphocholine Cloning, expression and purification of K-Ras4B∆15-MESNA thioester. The DNA sequence for the first 174 amino acids of human K-Ras4B was cloned from the according ptac vector into the pTWIN2-vector of the Impact™ system (NEB), E. coli Bl21(DE3) were transformed with the RasIntein-CBD plasmid and expression of the protein was performed at 20 °C. After harvesting of the bacteria the cells were lysed by ultrasonification in lysis buffer (20 mM Na-Hepes, pH 7.0, 500 mM S9 NaCl, 1 mM MgCl 2 , 0.1% (v/v) Triton-X 100) and the soluble fraction was diluted to 500 mL of lysis buffer and applied to a chitin beads affinity column, after equilibration of the column with buffer (20 mM Na-Hepes, pH 7.0, 500 mM NaCl, 1 mM MgCl 2 ). After washing the column with equilibration buffer, the intein splicing was introduced by incubation of the column with intein-splicing buffer (20 mM Na-Hepes, pH 8.5, 50 mM NaCl, 1 mM MgCl 2 , 100 mM MESNA) for 24 h at 4 °C. The K-Ras4B∆15-MESNA thioester was washed from the column with intein-splicing buffer and concentrated by size exclusion filtration (Amicon Ultra-15 MWCO 10 kD, Millipore).
BODIPY labeling of the protein core thioester was performed as follows: The K-Ras4B∆15-MESNA thioester was buffered in a 100 mM solution of NaHCO 3 , pH 7.0 and a 10× excess of BODIPY-NHS was added. The mixture was shaken for 2 h at 4 °C under argon. After this time, labeled protein was purified using a Hi-Trap desalting column (5 mL, GE Healthcare) and concentrated. The fluorescence/protein ratio was determined by measuring the absorbance at 504 nm and at 280 nm, respectively.
Nucleotide exchange on Ras proteins was performed as follows: BODIPY-labeled or non labeled K-Ras4B∆15-MESNA was incubated overnight at 4 °C with a two-fold molar excess of GppNHp in 20 mM Tris-HCl, 100 mM (NH 4 ) 2 SO 4 , 0.1 mM ZnC1 2 (pH 7.6), and alkaline phosphatase (Roche) at a concentration of 5 units/mg of Ras. After that, the buffer was exchanged for 20 mM Tris, 5 mM MgCl 2 (pH 7.5) using a Hi-Trap (GE Healthcare) desalting column. The sample was analyzed by reverse phase HPLC using 100 mM tetrabutylammonium bromide, 100 mM K 2 PO 4 , 0.2 mM NaN 3 (pH 6.4) in 7.5% acetonitrile. After aliquotation the protein was shock frozen and stored at -80 °C.
Ligation of K-Ras4B peptide with K-Ras4B∆15-MESNA thioester.
In an argon atmosphere K-Ras4B peptide was dissolved in buffer (100 mM Tris, 50 mM NaCl, 5 mM MgCl 2 , 5 mM MESNA, pH 8.5) at 25 °C and the peptide was deprotected by adding 5 mM tris(2-chloroethyl)phosphate. After 5 minutes incubation, BODIPY labeled or non labeled-K-Ras4B∆15-MESNA thioester (GDP or GTP) was added and placed on a mechanical stirrer for 3 hours. The reaction mixture was diluted 1:1 with buffer (25 mM NaAc, 1 mM MgCl 2 , pH 5.4) and dialyzed overnight in buffer (25 mM NaAc, 1 mM MgCl 2 , pH 5.4). Purification was done with a Hi-Trap SP-Xl (1 ml, GE Healthcare). The column was equilibrated with buffer (25 mM NaAc, 1 mM MgCl2, pH 6.3) and the protein solution was applied to the column and the column was washed with ten column volumes with the same buffer. The protein was released by washing with high salt buffer (25 mM NaAc, 500 mM NaCl, 1 mM MgCl 2 , pH 6.3). Protein containing fractions were identified by mini Bradford assay and were concentrated by size exclusion filtration (Amicon Ultra-15 MWCO 10 kD, Millipore), and protein concentration was determined via Bradford assay. The protein was characterized using SDS-PAGE and MALDI. After aliquotation, the protein was shock frozen and stored at -80 °C.
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Atomic force microscopy (AFM). The dry lipid mixture was hydrated with 1 mL of 20 mM Tris, 7 mM MgCl 2 , pH 7.4. Details of the preparation of the supported lipid bilayers and the AFM setup are were sequentially acquired by alternating the excitation with the 488 and 568 nm lines of a Kr-Ar-laser S11 (Portmann Instruments AG, Biel-Benken, Switzerland). Image acquisition was controlled by the software LaserSharp2000 (formerly Biorad, now Zeiss).
FTIR spectroscopy. For the infrared spectroscopic experiments, the dry lipid mixture was hydrated with 100 µL of 20 mM Tris, 7 mM MgCl 2 , pD 7.4, sonicated at 70 °C for 10 min and subsequently subjected to five freeze-thaw-vortex cycles. Afterwards, unilamellar vesicles of homogeneous sizes were obtained by using an extruder (Avanti Polar Lipids, Alabaster, AL) with polycarbonate membranes of 100 nm pore size at 70 °C. For the protein-lipid interaction studies, the GDP-and GTP-loaded K-Ras4B protein (c = 100 µg) was lyophilized for 3 h to remove H 2 O and afterward 20 µL of the freshly extruded lipid mixture were added (c K-Ras = 233 µM). The FTIR cell was then assembled and spectra collection started .
Measurements were performed at 25 °C with a Nicolet 5700 FTIR spectrometer equipped with a liquid nitrogen cooled MCT (HgCdTe) detector and a cell with CaF 2 windows that are separated by 50 µm mylar spacers. The spectrometer was purged continuously with dry air to remove water vapor.
Typically, FTIR-spectra of 128 scans were taken with a resolution of 2 cm -1 and corresponding processing was performed using GRAMS software (Thermo Electron). After background subtraction, the spectra were baseline corrected and normalized by setting the area between 1700 and 1600 cm -1 to 1
to allow for a quantitative analysis of the time evolution of secondary structural changes.
For the analysis of the secondary structure changes, second derivative and Fourier self deconvolution (FSD) were applied to the normalized spectra to identify the components of the amide-I′ band region.
These peaks were then fitted to the normalized raw spectra using a Levenberg-Marquardt curve fitting routine with bands of Voigt line shape. All spectra were fitted with similar set of peaks and parameters.
In ambiguous cases (such as the overlap of unordered and α-helical band regions), information from NMR and X-ray diffraction was taken into account. S8 The area under each peak represents the fraction of the respective component (assuming similar transition dipole moments for the different conformers) and was finally used to determine the percentages of the secondary structure components. Infrared spectra were recorded using a Vertex 70 FT-IR spectrometer (Bruker, Germany) connected to an A511 reflection attachment (Bruker) with an MCT detector using the trough system described above.
The IR beam is focused by several mirrors onto the subphase and the trough system was positioned on a movable platform to be able to shuttle between sample and reference troughs. This shuttle technique diminishes the spectral interference due to water vapour absorption in the light beam. Parallel polarized light at an angle of incidence of 35° was used for recording of the IRRA spectra. All spectra were recorded at a spectral resolution of 8 cm −1 using Blackman-Harris-3-term apodization and a zero filling factor of 2. For each spectrum 2000 scans were co-added. The single beam reflectance spectrum of the big trough was ratioed as background (R o ) to the single beam reflectance spectrum of the lipid monolayer on the reference trough (R) to calculate the reflection absorption spectrum as -log(R/R o ).
